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Background:  Fractures  of the  proximal  femur  commonly  occur  but  the majority  of orthopaedic  sur-
geons  do  not  consider  general  hardware  removal  as a routine  necessity.  Indications  and time  interval
for  hardware  removal  in  this  special  selected  patient  group  is  still  controversial.  Therefore  we per-
formed  a  retrospective  study  to address  the  following  questions:  1)  Is  there  a difference  between  the
medically-  (infection,  mechanical  problems,  implant  failure)  and  non-medically  indicated  group  (patients
demand,  meteoro-sensitivity,  foreign  body  sensation)  in  relation  to complications?  2)  Is there  a  correla-
tion  regarding  time  interval  between  implantation  and removal  comparing  these two  groups?  3) Is there
a context  related  refracture  rate?  4)  Should  non-medically  indicated  implant  removal  (IR)  be  performed
due to persistent  pressure  from  the patient?
Hypothesis:  We  hypothesized  that  non-medically  indicated  implant  removals  should  be  avoided  due  to
a  signiﬁcantly  higher  number  of associated  complications.
Patients  and  methods:  A  total  of  371  consecutive  patients  with  424  hardware  removal  procedures  follow-
ing  a proximal  femur  fracture,  between  08/1992  and  11/2008,  have  been  included.  Study  population  was
divided  into  two  groups  according  to their  indication  for  implant  removal:  medically  indicated  group
(MIR)  consisted  of 299  patients  (80.59%)  and  72  patients  (19.41%)  were  assigned  to  the  non-medically
indicated  (NMIR)  group.
Results:  In the  NMIR subgroup  a  total  of  (n = 21) 28%  complications  occurred  compared  to  11.46%  in  the
MIR  subgroup;  (P <  0.005),  86.51%  of  IR  in  the  MIR  group  were  performed  within  1.5 years,  compared  to
79.17% in the  NMIR  group  after  2 to 3.5 years  (NS).  In  the  MIR  group  1 refracture  occurred,  compared  to
4 in the  NMIR  group  (NS).
Conclusion:  Non-medically  indicated  implant  removal  should  be avoided  due  to  the  higher  complication
rate  of  28%.  Surgeons  and  patients  should  be aware  of  the  imminent  complications  and  therefore  implant
removal  should  only  be  performed  for good  medical  reasons.
Level  of evidence:  Level  IV. Historical  case  study.
©  2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Fractures of the proximal femur represent some of the most
hallenging situations for treatment [1]. They commonly occur as
ow-energy fractures in an elderly population or as high-energy
ractures in a young population [1]. The annual cost in the United
tates for treating hip fractures alone is estimated to be nearly $
0 billion [1]. Although 58% of orthopaedic surgeons do not con-
ider implant removal (IR) as a necessary routine, it is accounting
∗ Corresponding author. Tel.: +43 1 40400/59020; fax: +43 1 40400/59490.
E-mail address: ﬂorian.kovar@meduniwien.ac.at (F.M. Kovar).
http://dx.doi.org/10.1016/j.otsr.2015.07.021
877-0568/© 2015 Elsevier Masson SAS. All rights reserved.for approximately 5% of all orthopaedic procedures, performed in
the United States [2]. The majority of published papers on compli-
cations associated with proximal femoral fractures have focused on
the different devices and procedures used for ﬁxation [3–9]. Infor-
mation of complications associated with implant removal in those
studies can be seen as limited [1,2,10–14].
Hardware removal from a healed intertrochanteric fracture is
not a routine procedure; however, it may  be necessary to remove
a metal implant in pediatric or young patients or in the pres-
ence of loose or painful hardware, metal allergy, or infection
[10,15]. Indications and time interval for hardware removal in
this special selected patient group is controversial in the literature
[2,10,11,13–18]. Although several authors have reported a femoral
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eck fracture in the presence of ﬁxation for intertrochanteric frac-
ures, reports of ipsilateral femoral neck fractures after hardware
emoval from healed fractures are rare in the previous literature
9–13,18,19]. Secondary fractures after implant removal have a
ange from 27 to 44% in proximal femoral fractures [2,19], while
ther complications associated with IR are mechanical failure, pain
nd infection [12,14].
The purpose of our study was to assess the following questions:
is there a difference between the medical- and non-medical indi-
cated group related to complications?
is there a correlation in time interval between implantation and
removal between the two groups?
is there a context related to refracture rate?
and as consequence, should non-medical indicated IR be per-
formed due to persistent pressure from the patient?
. Patients and methods
.1. Patients
A total of 371 consecutive patients with hardware removal
fter a proximal femur fracture, admitted to our department, from
8/1992 to 11/2008 have been included retrospectively, approved
y IRB (EK 814/2010, Wien). Study population showed the follow-
ng fracture types according to OTA classiﬁcation [20] described in
etail in Table 1. A total of 424 hardware removals were performed
n these 371 patients. Study population was subdivided into the
ollowing groups: medical indication for implants removal (MIR)
nd non-medical indications for implant removal (NMIR). After dis-
harge from hospital, patients were followed-up in our clinic at
east 12 months after the last IR procedure. We  were able to trace
he outcomes of all patients by a data adjustment with the Austrian
eath Register.
Inclusion criteria was a proximal femoral fracture, treated with
mplants as described in detail in Table 1, followed by at least
ne hardware removal procedure. MIR  was deﬁned as: infec-
ion, mechanical problems, implant failure (e.g. break, loosening,
able 1
eneral patients characteristics.
n %
Total patients 371 100
Gender
Male 126 34.1
Female 241 65.9
Age 66.8 18–100a
Type of fracture
Pertrochanteric 161 43.4
Subtrochanteric 37 9.97
Per- and subtrochanteric 9 2.56
Media femoral neck 158 42.59
Lateral femoral neck 6 1.62
Time interval Fx to PS (days) 2 ± 11.6, (1–209)
PS < 24 hours of accident 316 85.18
PS > 24 hours of accident 55 14.82
Implants
Gamma  nail 158 42.59
Dynamic hip screw 154 41.51
Screw ﬁxation 27 7.3
PFN 3 0.81
PFNA 4 1.08
Otherb 25 6.78
x: fracture; PS: primary surgery; PFN: proximal femur nail; PFNA: proximal femur
ail  antirotation.
a Results are range in years.
b Other: 11 hemi-arthroplasties because of periprosthetic fractures, 6 external
xator, 2 Ender nails, 2 gliding nails, 2 total arthroplasties, 1 dynamic condylar screw,
nd  1 blade plate.: Surgery & Research 101 (2015) 785–789
cut-out), periprosthetic fracture, aseptic necrosis, non-union, pain
with a traceable source (overlapped, loose or broken screws or
loose implant). NMIR was deﬁned as: patients demand without
reasonable intention, meteoro-sensitivity, foreign body sensation,
elective implant removal depending on physicians’ choice, and
pain without any traceable source. Exclusion criteria: all patients
younger than 18 years at time of initial surgery for fracture con-
solidation and all fractures with an already implanted device for
fracture stabilization.
2.2. Methods of assessment
Complications associated with IR were deﬁned as: refracture,
delayed wound healing, vascular and nerve lesion, new inci-
dent pain, new limb length discrepancy > 1 cm after IR, further
bleeding resulting in revision, avascular hip necrosis, sensibility
disruption, broken implant, persistent pain, limitation in range of
motion, defective position, wound infection leading to revision, and
haematoma leading to revision.
2.3. Statistical methods
For statistical analyses, we used the SPSS 16.0 software package
(SPSS, Chicago, Ill., USA). Mean values and standard error of the
mean were given unless otherwise indicated for continuous vari-
ables. Discrete data are presented as counts and percentages. A
two-tailed values P < 0.05 was considered statistically signiﬁcant.
3. Results
We  enrolled 371 patients with a mean age of 66.8 (range 18 to
100); (n = 241) 65.9% of those representing females, and (n = 126)
34.1% were male. Mean time interval for primary treatment for
fracture was  2 days (SD: 11.6 days). In (n = 316) 85.18% of patients,
primary surgery was  performed within 24 hours. Implants used
for those procedures were: gamma nail (n = 158, 42.59%), dynamic
hip screw (DHS) (n = 154, 41.51%) and 15.9% for other implants as
described in Table 1. The MIR  subgroup consisted of 299 patients
(80.59%) and 72 patients (19.41%) were assigned in the NMIR sub-
group as seen in Table 2.
Our hypothesis was  approved by statistical signiﬁcant results
(P < 0.005), showing 21 complications (28%) for the NMIR group,
compared to 40 (11.46%) in the NMIR group.
Mean time interval from hardware implantation until removal
was 64 ± 99 weeks, with a range from 1 day to 17 years; 86.51% of IR
in the MIR  subgroup were performed within 1.5 years after implan-
tation compared to 79.17% in the NMIR group after 2 to 3.5 years
(NS).
Refracture rates differ between the two groups: 1 case in MIR
group versus 4 cases in the NMIR group (NS).
The total number of implant removal procedures (n = 424) needs
further clariﬁcation (Table 3). IR procedures were subdivided in IR
1 to 4, representing separate sequential procedures in one patient
each. In 371 patients, one implant removal (IR) was performed
resulting in a total of 53 complications (14.29%). IR 2 subgroup,
where a second IR was performed consisted of 45 patients with 8
complications (17.78%) (P < 0.05). IR 3 and IR 4 consisted of 6 and
2 patients with no complications. To simplify those numbers for
further calculations a total number of 424 IR with a complication
rate of (n = 61, 14.39%) in 60 patients were set. In 32 cases (80%) of
IR, a new device was implanted. Pain in the NMIR subgroup did not
vanish after IR in 19%, and in one asymptomatic case, pain occurred
after IR.
Complications correlated with duration of implant showed a
peak after 3 years, with a range of 1 to 4 years. This ﬁnding was
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Table  2
Implant removal (IR) in detail.
n % P value
Total patients 371 100
MIR  299 80.59
NMIR  72 19.41
Total  IR procedures 424 100
MIR  349 82.31
NMIR  75 17.69
Time  interval PS to IRa 9.1 SD: 14.1, (1 day–17 days) < 0.05
MIR  49 SD: 98.63, (1 day–17 years)
NMIR 127 SD: 58.99, (36–468)
Age  62 SD: 24, (23–97) < 0.05
MIR  74 SD: 16.2, (24–100)
NMIR 44 SD: 18.7, (22–89)
Gender distributionb 1: 1.1 < 0.05
MIR  2.6: 1
NMIR 1: 1.8
Indications
MIR
Mechanical problems 248 82.94
Infection 40 13.38
Pain  11 3.68
NMIR
Patients demand 35 48.61
Elective surgery 19 26.39
Painc 18 25
Complications after IR 61 14.39 < 0.005
MIR  40 11.46
NMIR  21 28
MIR: medical indicated implant removal; NMIR: non-medical indicated implant removal; PS: primary surgery.
a
a
s
4
p
l
s
t
i
Table 3
Implant removal and complications.
n Complications %
IR1 371 53 14.29
IR2  45 8 17.78
IR3  6 0 0
IR4  2 0 0
T
C
M
fIn weeks.
b Female: male.
c Without any traceable source.
lmost similar in both subgroups and therefore no impact can be
uggested (Table 4).
. Discussion
Information about indication and complications for IR in healed
roximal femur fractures can be seen as sparse in the current
iterature [1,2,11–14]. When comparing the MIR  with the NMIR
ubgroup, a statistical signiﬁcant ﬁnding according to complica-
ions with 11.46% versus 28% was observed. This means a 2.4
ncrease of complications in a relatively unnecessary surgery.
Total 424 61 14.39
able 4
omplications in MIR  and NMIR subgroups.
MIR  
IR 1 IR 2 
Complication
Refracture 1 
Delayed wound healing 2 2 
Nerve damage 3 
New pain 
LLD  > 1 cm 2 
Further bleeding with revision 1
AVN 1 
Sensibility problems 1 
Broken implant in situ 1 
Persitent pain 3 
Limitation in ROM
Defective position 
Wound infect with revision 9
Haematoma with revision 6
Other 2
Total 32 8 
IR: medical indicated implant removal; NMIR: non-medical indicated implant removal;
emoral head; ROM: range of motion.
a Without any traceable source.IR: implant removal; 1: one procedure; 2: two procedures; 3: three procedures; 4:
four procedures.
NMIR
Patient demand Elective Paina
4
2 1
1
1
1 1
1 1
1
1 1
3
1
1
9 4 8
 IR: implant removal; LLD: limb length discrepancy; AVN: avascular necrosis of the
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The current study has several limitations:
it was a retrospective data evaluation study, performed at only
one level I Trauma Centre. Also the group splitting in MIR  and
NMIR can be seen critical by some readers;
we only evaluated predominantly Caucasian, Austrian patients, a
study population that might not be comparable to other regions
in the world.
Most hip fractures are treated surgically, with use of either
nternal ﬁxation or prosthetic replacement of the femoral head [9].
owever there is little discussion on the routine hardware removal
n the setting of healed intertrochanteric fractures [6,10,12]. Those
ndications are also seen as hard proven to perform an IR in the
iterature [2,10,14,21–26]. Due to the fact that only Hora et al.
27] investigated complications after IR in correlation with indi-
ation, a comparison to the existing literature might be tricky. In
he MIR  subgroup mechanical problems, infection and pain were
een as indications for IR. The NMIR subgroup is difﬁcult to inter-
ret because patients demand, elective surgery and non-manifest
ain are not clearly or separately outlined in the existing litera-
ure. Complication rates after IR, independent from implant device
nd localization is reported between 3 and 20%, a ﬁnding that is in
ccordance with our result of 14.39% [22,23,26,27].
In the MIR  subgroup, wound infection with or without revision
urgery represented the most common cause for IR. One has to have
n mind that in 32 cases (80%) of IR, a new device was  implanted.
n the NMIR subgroup, 4 patients experienced a refracture after a
ean time of one month, following IR. Refracture therefore rep-
esents the most common complication in the NMIR subgroup
11,14,18].
Femoral neck fracture after IR from a healed intertrochanteric
racture has been reported incidentally by Mendez et al. [18]. Fin-
en and Benum [28] supported the safety of hardware removal
eporting that there were no femoral neck fractures after removal
f ﬁxation devices from healed intertrochanteric fractures. In con-
rast to that observation, current publications showed a refracture
ate after implant removal of 9.0% [10,11,16,17].
Pain in the NMIR subgroup did not vanish after IR in 19%, and in
ne asymptomatic case, pain occurred after IR, a ﬁnding that is also
onﬁrmed by others [22,29,30]. This should clearly question the
ndication for IR in patients with diffuse pain without any source.
We also observed a strong correlation between indication for
R and duration of implant in the human body: 86.51% of IR in the
IR subgroup were performed within 1.5 years after implantation
ompared to 79.17% in the NMIR group after 2 to 3.5 years. A time
oint in the NMIR subgroup associated with a lower complication
ate could not be detected.
Recommendations regarding timing of IR vary, but 12 to
8 months of intramedullary nail ﬁxation of femoral shaft fractures
s generally accepted [31,32]. Findings in the paediatric literature
ave shown that the stiffer the hardware, the higher the likelihood
f refracture after removal [33–35].
. Conclusion
Non-medical indicated implant removal should be avoided due
o a high complication rate of 28%. Careful considerations must be
ndertaken in this special subgroup when considering a hardware
emoval procedure. Surgeons and patients should be aware of the
mminent complications associated with implant removal in non-
edical indicated patients after a proximal femoral fracture. This
rocedure should only be performed for good reasons.
[
[: Surgery & Research 101 (2015) 785–789
Disclosure of interest
The authors declare that they have no competing interest.
Acknowledgements
We thank EHK and EK for their unlimited support. Special thanks
to GE, and MJ  to encourage me  to go ahead with this study during
some rocky times.
References
[1] Lovald S, Mercer D, Hanson J, Cowgill I, et al. Hardware removal after fracture
ﬁxation procedures in the femur. J Trauma 2012;72:282–7.
[2] Eberle S, Wutte C, Bauer C, von Oldenburg G, Panzer S, Augat P. Evaluation
of  risk for secondary fracture after removal of a new femoral neck plate for
intracapsular hip fracture. J Orthop Trauma 2011;25:721–5.
[3] Li MH, Wu  L, Liu Y, Wang CM.  Clinical evaluation of the Asian proximal
femur intramedullary nail antirotation system (PFNA-II) for treatment of
intertrochanteric fractures. J Orthop Surg Res 2014;9:112.
[4] Ma KL, Wang X, Luan FJ, et al. Proximal femoral nails antirotation, gamma nails,
and dynamic hip screws for ﬁxation of intertrochanteric fractures of femur: a
meta-analysis. Orthop Traumatol Surg Res 2014;100:859–66.
[5] Soucanye de Landevoisin E, Bertani A, Candoni P, Charpail C, Demortiere E. Prox-
imal femoral nail antirotation (PFN-ATM) ﬁxation of extra-capsular proximal
femoral fractures in the elderly: retrospective study in 102 patients. Orthop
Traumatol Surg Res 2012;98:288–95.
[6] Bjorgul K, Reikeras O. Outcome after treatment of complications of gamma
nailing. A prospective study of 544 trochanteric fractures. Acta Orthop
2007;78:231–5.
[7] Li J, Cheng L, Jing J. The Asian proximal femoral nail antirotation versus the
standard proximal femoral antirotation nail for unstable intertrochanteric
fractures in elderly Chinese patients. Orthop Traumatol Surg Res 2015;101:
143–6.
[8] Kempf I, Grosse A, Taglang G, Favreu E. Gamma nail in the treatment of closed
trochanteric fractures. Results and indications of 121 cases. Orthop Traumatol
Surg Res 2014;100:75–83.
[9] Robinson CM,  Adams CI, Craig M, Doward W,  Clarke M,  Auld J. Implant related
fractures of the femur following hip fracture surgery. J Bone Joint Surg Am
2002;84:1116–22.
10] Yoon PW,  Kwon JE, Yoo JJ, Kim HJ, Yoon KS. Femoral neck fracture after removal
of  the compression hip screw from healed intertrochanteric fractures. J Orthop
Trauma 2013;27:696–701.
11] Kukla C, Pichl W,  Prokesch R. Femoral neck fractures after removal of the
standard gamma  interlocking nail: a cadaveric study to determine factors
inﬂuencing the biomechanical properties of the proximal femur. J Biomech
2001;34:1519–26.
12] Seibert FJ, Puchwein P, Lanz P, Tanzer K, Clement HP. Femoral neck fracture
after removal of PFNA-blade – case report and review of the literature. Injury
Extra 2009;40:240–1.
13] Shaer JA, Hileman BM,  Newcomer JE. Femoral neck fracture following hardware
removal. Orthopedics 2012;35:e83–7.
14] Hesse B, Gaechter A. Complications following the treatment of trochanteric
fractures with the gamma nail. Arch Orthop Trauma Surg 2004;124:692–8.
15] Busam ML,  Esther RJ, Obremskey WT.  Hardware removal: indications and
expectations. J Am Acad Orthop Surg 2006;14:113–20.
16] Davison BL. Refracture following plate removal in supracondylar-intercondylar
femur fractures. Orthopedics 2003;26:157–9.
17] Beaupre GS, Csongradi JJ. Refracture risk after plate removal in the forearm. J
Orthop Trauma 1996;10:87–92.
18] Mendez AA, Joseph J, Kaufmann EE. Stress fractures of the femoral neck fol-
lowing hardware removal from healed intertrochanteric fractures. Orthopedics
1993;16:822–5.
19] Center JR, Bliuc D, Nguyen TV. Risk of subsequent fracture after low-trauma
fracture in men  and women. JAMA 2007;297:387–94.
20] Marsh JL, Slongo TF, Agel J, et al. Fracture and dislocation classiﬁca-
tion compendium – 2007: Orthopaedic Trauma Association classiﬁcation,
database and outcomes committee. J Orthop Trauma 2007;21(10 Suppl.):
S1–133.
21] Maalouf G, Bachour F, Hlais S, et al. Epidemiology of hip fractures in Lebanon:
a  nationwide survey. Orthop Traumatol Surg Res 2013;99:675–80.
22] Boerger TO, Patel G, Murphy JP. Is routine removal of intramedullary nails
justiﬁed? Injury 1999;30:79–81.
23] Brown OL, Dirschl DR, Obremskey WT.  Incidence of hardware related pain and
its effect on functional outcomes after open reduction and internal ﬁxation of
ankle fractures. J Orthop Trauma 1993;15:271–4.24] Boestmann O, Pihlajamäki H. Routine implant removal after fractures surgery: a
potentially reducible consumer of hospital resources in trauma units. J Trauma
1996;41:846–9.
25] Dannoehl C. Metal implants of the coxal femur in the elderly patient should
not  be removed. Aktuelle Traumatol 1998;19:180–2.
ology
[
[
[
[
[
[
[
[F.M. Kovar et al. / Orthopaedics & Traumat
26] Sanderson PL, Ryan W,  Turner PG. Complications of metalwork removal. Injury
1992;23:29–30.
27] Hora K, Vorderwinkler KP, Vecsei V, Gaebler C. Intramedullary nail removal in
the  upper and lower limbs. Should we recommend this operation. Unfallchirurg
2008;111:599–601 [603–605].
28] Finsen V, Benum P. Refracture of the hip rare after removal of ﬁxation device.
Acta Orthop Scand 1986;57:434–5.29] Dodenhoff RM,  Dainton JN, Hutchins PM.  Proximal thigh pain after removal
nailing. Causes and treatment. J Bone Joint Surg Br 1997;79:738–41.
30] Court-Brown CM,  Gustilo T, Shaw AD. Knee pain after intramedullary tib-
ial  nailing: its incidence, etiology and outcome. J Orthop Trauma 1997;11:
103–5.
[
[: Surgery & Research 101 (2015) 785–789 789
31] Brumback RJ, Ellison TS, Poka A, Bathon GH, Burgess AR. Intramedullary nail-
ing of femoral shaft fractures. Part III: long-term effects of static interlocking
ﬁxation. J Bone Joint Surg Am 1992;74:106–12.
32] Im GI, Shin SR. Treatments of femoral shaft fractures with a titanium
intramedullary nail. Clin Orthop Relat Res 2002;401:223–9.
33] Kanlic E, Cruz M.  Current concepts in pediatric femur fracture treatment. Ortho-
pedics 2007;30:1015–9.34] Flynn JM,  Skaggs DL, Sponseller PD, Ganöey TJ, Kay RM,  Leitch KK. The surgical
management of pediatric fractures of the lower extremity. Instr Course Lect
2003;52:647–59.
35] Blasier RD, Aronson J, Tursky EA. External ﬁxation of pediatric femur fractures.
J  Pediatr Orthop 1997;17:342–6.
